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Abstract  
An novel edge detection approach is proposed. Firstly, the nonsubsampled contourlet transform is used to decompose 
the original image into low frequency approximation image and the high frequency subbands. Then, because of 
nonsubsampled contourlet transform shift-invariance, the original image corresponding gradient magnitude is 
redefined in every scale. Finally, different scales gradient is synthesized into the image dege. The experimental 
results of edge detection for several test images are provided to demonstrate the approach. 
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1.Introduction 
 The edge detection is very useful in image processing and computer vision, as it can locate 
significant variations of gray images[1][2]. The edges are often interpreted as one class of singularities in 
an image. For a continuous function, singularities can be characterized easily as discontinuities where the 
gradient approaches infinity. However, image data is discrete, so edges in an image are often defined as 
the local maxima of the gradient. The gradient-based edge detectors are basically a high-pass filter which 
can be applied to enhance the edge points in an image, such as Roberts, Sobel and Prewitt 
operators[3][4][5]. The classical edge detectors usually work well with high-quality images, but are not 
good enough for noisy images because of using a small kernel to convolve an image. In order to 
overcome these problems, Canny described an edge detection approach based on gradient, whose filter 
can be closely approximated by the first-order derivative of the Gaussian function. Up until now, it has 
already become one of the most popular edge detector [6]. 
      The 2D wavelet transform(WT) has a long and successful history as an efficient image processing 
tool. Its application is most frequently based on a separable transform, that is, rows and columns in an 
image are treated independently. Such a method keeps simplicity in design and computation. However, as 
a result of the separable transform given by the tensor-product of two 1D wavelets along the horizontal 
and vertical directions, the 2D WT can only capture very limited directional information. This separable 
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transform is good at isolating horizontal and vertical edges, but it is not adequate for treating more 
complex discontinuities. 
       Minh N Do and Martin Vetterli [7] proposed a “Real” two-dimensional image representation: 
Contourlet transform. Contourlet transform provides a flexible partial and directional multi-resolution 
image representation, and has more "direction" base than wavelet transform[8], and is not limited to the 
three directions like wavelet transform. Conturlet transform has more frequency subbands selection than 
wavelet. Of course, Contourlet transform has also been applied to various fields such as image fusion, 
image compression, denoising [9] and so on. 
       However, due to the presence of contourlet transform the process of downsampling, contourlet 
transform have no the shift-invariance , and making the edge of the image occurs Gibbs 
distortion[10][11]. In 2006, Cunha proposed nonsubsampled contourlet transform[12], not only has the 
advantage contourlet transformation but also has shift- invariance, effectively overcome the Gibbs 
phenomenon of edge. 
       In our approach, utilizing the nonsubsampled contourlet transform shift-invariance, the different 
scale gradient is calculated in nonsubsampled contourlet transform domain and the edge features of 
different scales is extracted, different scales edge features means different frequency of edge image , and 
finally the different scales edge features are processed into the image edge.
2.Nonsubsampled  Contourlet  Transform 
 Do and Vetterli[7] proposed contourlet transform(CT) to represent two dimensional singularities, 
which is composed of Laplacian pyramid(LP) and directional filter bank(DFB). The transform can 
represent curve more sparsely due to its directionality and anisotropy. However, there exists frequency 
aliasing in the process of contourlet transform. In order to eliminate the frequency aliasing, enhance 
directional selectivity and shift-invariance, Cunha etal.[12] proposed nonsubsampled contourlet 
transform(NSCT) based on nonsubsampled pyramid decomposition and nonsubsampled filterbanks 
(NSFB). NSCT is the shift-invariant version of CT, and uses iterated nonseparable two-channel NSFB to 
obtain the shift-invariance avoiding pseudo-Gibbs phenomena around singularities. NSCT not only 
provides multi-resolution analysis, but also contains geometric and directional representation. Fig.1 gives 
nonsubsampled contourlet transform structure and Fig.2 gives nonsubsampled contourlet decomposition 
transform for a high-resolution remote sensing image 
 
 
Fig.1 The structure of nonsubsampled contourlet transform 
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Fig.2 Example of the nonsubsampled contourlet transform for high-resolution remote sensing image   
3.Edge   Detection 
 Nonsubsampled contourlet transform can decompose the image into different directional subbands in 
different scales, the directional subband coefficients of certain location in each scale can be seen as that 
location gradient vector in that direction for the original image, then the every direction gradient vectors 
are synthesized into the image edge.  
      Taking scale equaling 2 as an example for detecting image edge, for the convenience on calculation, 
the negative directional subband coefficients is assigned to 0. Thus, direction angle of the subband 
coefficients is assigned from 0 to ʌ. When the original image is decomposed into 4 directional subband 
by Nonsubsampled contourlet transform , then the angle difference between adjacent directions is 4/S . 
Vector set of four directions respectively is ),(),,(),,( 321 yxFyxFyxF and ),(4 yxF , ),( yx indicates the 
location of subband image. 
2
4
2
114 |),(||),(||),(| yxFyxFyxF                       (1) 
 
|)),(||),(|arctan( 4114 yxFyxF T                           (2) 
 
2
3
2
223 |),(||),(||),(| yxFyxFyxF                            (3) 
 
)|),(||),(arctan(| 3223 yxFyxF T                             (4) 
Where ),(14 yxF  and ),(23 yxF respectively is synthetic vector of the corresponding directions; 14T  and 
23T  were direction vector angle synthesized in the corresponding direction. For the angle difference of 
each adjacent vector orientation is 4/S , it is easy to calculate the angle between ),(14 yxF  and ),(23 yxF : 
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The final gradient vector quantity |),(| yxF  by synthesized from directional subbands can be 
expressed as : 
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Where |),(| yxF  is the image edge. 
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4.Experiment   And   Result 
 In our experiments, two 384×384×8 images shown in Fig. 3 (a) (b) are chosen as test images.  
  
(a) Pepper                                   (b) Remote sensing image 
Fig.3  Test  images 
       Pepper image is more smooth, the image edge can be easily extracted by a classical edge detection 
method. Using our approach, the image is decomposed for two scale by nonsubsampled contourlet 
transform and the two scale edge image is extracted, shown in Fig.4. 
 
  
(a) The edge image in scale 2              (b) The edge image in scale 3 
Fig.4  The edge image in different scales for pepper image 
The remote sensing image has more details, it is difficult to extract the image edge perfectly for the 
general approach , while using our method is better to extract the image edge at different scales, as shown 
in Figure 5. 
  
(a) The edge image in scale 2              (b) The edge image in scale 3 
Fig.5  The edge image in different scales for remote sensing image 
 
      Finally, the edge images in different scales merge to form the final edge image, shown in Figure 6. 
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(a) The pepper edge image             (b) The remote sensing edge image 
Fig.5  The final edge images 
5. Conclusion 
      The experimental result show that the multi-scale edge detection method not only can extract a simple 
image ,but also better extract the complex image edge. In order to better and fully extract the image edge, 
the nonsubsampled contourlet transform scale can be increased. Moreover, a number of experiments 
indicate the validity and feasibility of our approach. This new approach can be used widely in many 
image processing applications. 
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